Most studies of the electrocardiogram in healthy full-term infants have commented on the presence of right axis deviation, a tendency to right ventricular preponderance, and changes in amplitude and direction of precordial T waves (Krumbhaar and Jenks, 1917; Schaffer et al.,1950; Ziegler, 1951 Ziegler, , 1956 . Surprisingly few serial studies have been done, despite increased interest in the neonatal period and the importance of determining individual as well as group differences (Datey and Bharucha, 1960; Michaelsson, 1959) . Recent investigations have demonstrated significant changes in electrocardiographic intervals during the first hour as well as the first week of life (Walsh, 1963a, c). It was therefore thought to be of interest to determine whether the amplitude of the QRS complex was similarly affected.
(V4-p<0 05; V5-p<0 001; V6-p<0-01). Though the incidence increased with age, it is noteworthy that on initial examination only 3 of 93 infants had no Q waves in any of the extremity or precordial leads. None subsequently had this finding, apart from 1 infant in whom the absence persisted until the age of 47 hours, when he was lost to follow-up. According to Groedel and Miller (1944) , a Q wave in lead I is present in the newborn infant only when there is a Q wave in left prncordial leads. With the exception of 2 infants, one of whom had this finding on three examinations, this was confirmed. A Q wave was recorded in V4R, Ve, and VI in 2 normal infants aged 2 and 4 days by Ziegler (1951) ; one of them had a Q wave in left praecordial leads. The only other infant with this finding in his series of 600 infants and children was 5-months old. According to Rosen and Gardberg (1957) , Q waves in V4R and VI are exceptional at birth but may be present at 1 month and can persist throughout infancy. However, none of the infants studied was less than 24 hours of age, and all infants more than 1 day and less than 1 month old constituted one group. In another study (Rothfeld et al., 1960) , of 50 healthy newborns singly examined one had this wave in lead VY. The findings of these investigators, in conjunction with those described here, suggest that contrary to a number of reports Q waves in these leads are an uncommon but normal variant during early infancy. Furthermore, it seems likely that more complete exploration of the right chest would reveal a higher incidence of Q waves in these leads. As no Q waves were registered in leads 2V1 or 2V2 during the first week of life in any of the 97 full-term infants, nor in another study of 82 healthy premature infants serially examined during the first year of life (Walsh, 1963b) , these leads may merit further investigation. R Wave. On the first day of life, significantly higher mean values, primarily over the midprxcordium, were registered in Group I infants, i.e., those less than 1 hour old. These differences were statistically significant in leads V2 (p <0 05), V3 (p <0 01), V4 (p <0 05), and were just short of significance in VY, V5, and V6. However, on determining the distribution of values in Vl, 12 infants in Group I were found to have an R wave amplitude of 24 mm. or more (2f4 mV) while only 2 infants in Group II (those over 1 hour old on initial examination) were in this range. This difference was significant (p<0-05). Although differences were just short of significant in V5 and V6, and not significant in V4R, Ve, 2V1, and 2V2, the trend was generally in the same direction with higher mean, minimum, and maximum values in Group I infants. These differences were of slightly greater significance when infants in Group Ia were compared with those in Group Ilb ( Fig. 1 and 2) . This trend was further demonstrated when values were compared on the first and last examination. Significant decreases in amplitude of the R wave were observed primarily in right precordial leads in Group I infants (leads V1-p<005; V2, . The decreases in leads V4R (p<001) and 2V2 (p<005) were also found to be significant, and the decrease in lead 2V1 was just short of significance in infants in Group Ia. A similar but less obvious decrease in amplitude was noted in lead Ve in Group II infants (p<005) and in leads V4R and 2V1 (p<005) in Group Ilb infants. Significant increases over the left prncordium were recorded only in the latter group (leads V4, V6-p<005; V5-p<001) (Table I) . When mean individual differences were calculated, decreases were observed in all prxcordial leads of infants in Group I. Less notable decreases were found in Group II infants, but only in right precordial leads, while increases occurred in leads V3-V6. As higher amplitudes were present in the youngest infants on the first day of life, the disparity between the groups seems readily explained.
In a previous report, significant differences in Q-R time (or onset of the intrinsicoid deflection) in VI and V6 were noted during the first week of life (Walsh, 1963c) . It was thought to be of interest to relate this interval to the amplitude of the respective R wave. There appeared to be a positive correlation between amplitude of the R wave and duration of this interval, especially in lead V6, i.e., higher amplitude waves tended to be associated with longer intervals. These differences were statistically significant in lead VI on the first day of life in Group I infants. In the class 001-0O015 sec. Q-R time, the mean R wave amplitude was 17-9 mm. group.bmj.com on August 15, 2017 -Published by http://heart.bmj.com/ Downloaded from NEONATAL ELECTROCARDIOGRAMS 002-0 025 sec., the mean R wave amplitude was 22-2 mm. (2.2 mV) (p<005). In V6, significant differences were noted in both groups, on the first day of life in Group IL infants and at the end of the week in Group I infants. In all instances, however, the same trend was maintained (Table II) . S Wave. On the first day, mean amplitudes over the left pracordium were greater in Group I infants. The difference was moderately significant in lead V6 (p<001) and just short of significance in leads V4 and V5 (p<OO6). A comparison of values for infants in Group Ia with those in Group Ilb showed the difference to be significant also in V4, and just short of significance in Ve. Larger amplitude S waves were encountered in lead 2V2 in the latter group (p<0 05) ( Fig. 1 and 2) .
Decreases in mean amplitude of the S wave from the first to the last examination occurred in almost all leads in the two main groups. These decreases were significant for Group I infants in leads from the right and mid-prncordium (leads Vl-p<0 05; V2-p<0-01; V3, V4, and Vep<0001). The decreases were significant for Group Ia infants in leads from the left chest as well as just short of significance in lead V4R (leads V5-p<0-01; V6-p<0 05; V4R-p<0 06). The decreases were significant only in right chest leads for infants in Group Ilb (leads V4R, V2, 2V1-p<005; V3, Ve-p<0'001). However, when individual differences were calculated, a mean decrease occurred in all pracordial leads of all infants apart from lead V6 in Group II infants.
In lead V3, infants in Group II showed a significant increase in amplitude from the first to the second day of life (p<005). A significant change from the first to the third day of life was also noted in this lead. Ten infants on initial examination had an S wave of 10 mm. or less (1 0mV), whereas none was in this range on the subsequent examination (p<0 01).
From the third to the fifth or sixth day of life, highly significant decreases in amplitude of the S wave occurred in leads VI, V2, and V3 (p<0001). In V6, a significant decrease in incidence of minimum and maximum values was seen (p<005) ( Table III) .
The range and mean amplitudes of R and S waves accord with those of Ziegler (1951) , but as he included infants from 1 to 7 days in a single group and did not state how many were serially examined, comparison with his data is limited. On the other hand, these values exceed those recorded by Michaelsson (1959) (Table IV) .
The value of the R/S ratio for diagnosis of ventricular hypertrophy in the newborn infant is still open to question. There is some discrepancy in the results of various investigations. In Datey and Bharucha's (1960) serial study of 44 newborn babies during the first week of life, the R/S ratio was more than 1 in leads V4R and VI in all electrocardiograms. Similarly, in another study by Richman and Master (1951) , who took daily electrocardiograms on some newborns during the first four days of life, this ratio was usually more than 1 in all chest leads during this period. On the other hand, in a report by Furman and Halloran (1951) , 45 per cent of 20 normal newborns during the first week of life had an R/S ratio equal to or less than 1 in all precordial leads, and an additional 5 per cent had a deep S wave in VI. Recently, Keith et al. (1961) compared the R/S ratio in lead VI during the first 48 hours of life in various groups of newborns. They found that 18 per cent of 27 normal full-term infants, 37 per cent of 24 healthy premature infants, 46 per cent and 50 per cent of 11 full-term and 10 premature infants with respiratory distress had a ratio less than 1. These results were interpreted as indicating that a higher percentage of infants with respiratory distress have a ratio less than 1. This, therefore, lends support to those who favour left-sided heart failure consequent on hypoxia as an explanation for the formation of hyaline membranes. However, in this study, 27 per cent of the infants on the first, 32 per cent on the second, and 36 per cent on the third day of life had a ratio less than 1. These percentages resemble those encountered by Keith in normal prematures. In view of the reported variance in values, and until larger series have confirmed the higher incidence of low ratios in respiratory distress, caution should be exercised in relying on this ratio for diagnosis. Statistically significant differences between the 2 groups on the first day of life are present in leads V2 and V3. From the first to the last examination significant increases in ratio were observed in V4, V5, and Ve in Group I infants and in V2 through V5 and Ve in Group II infants. Calculations of median include oo.
Patterns in Right and Left Pra?cordial Leads. For purposes of pattern analysis, values of 4 5 mm. or less (0 45 mV) were classified as a small q, r, or s wave. With this method, on initial examination in lead V4R, 9 infants had an RS, 26 an Rs, and 31 an R, qRs, qR, or rsR. A similar distribution was present at the end of the week. In VI, only three patterns were encountered: initially, most infants had an RS, some an Rs, and only one an R, no change took place during the week. In V6, on the first day, the majority of Group Ia infants did not have an initial Q wave (10/17), while the majority of Group Ilb infants did (13/16). When the groups were combined, 8 infants had a qrs or qr, 22 an rs, rS, S, RS, or Rs, and 37 a qrS, qRs, or qRS. By the end of the week, 2, 14, and 51 infants had these patterns. With this classification, therefore, the only changes were registered in V6. These small variations in appearance of complexes, especially in right precordial leads, indicate that until further knowledge is gained of pressure-flow relations and their influence on the neonatal electrocardiogram, the value of pattern analysis in this age-group will remain limited. (Cosby et al., 1952; Goodwin, 1952) . Electrocardiographic changes appear to be determined largely by the load imposed on the ventricles. The 792 group.bmj.com on August 15, 2017 -Published by http://heart.bmj.com/ Downloaded from interaction of numerous factors, such as the degree of anoxxmia, electrolyte balance, pulmonary vascular resistance, and time of closure of the ductus, undoubtedly influences the appearance of the neonatal electrocardiogram. The duration of the transitional period of adaptation to extrauterine life appears to vary, but the sequence of change is probably the same. An analogy may perhaps be drawn between the electrocardiographic findings in this study and data based on experimental work partly supported by a few physiological studies in the newborn baby (Dawes, Mott, and Widdicombe, 1954; Adams and Lind, 1957; Rowe and James, 1957) .
COMMENT
At birth, the pressure in both ventricles is presumably equal. With expansion of the lungs and ligation of the cord, pulmonary vascular resistance falls and systemic resistance rises. During the first hour of life, and possibly shortly thereafter, a right-to-left shunt across the ductus occurs, but this then reverses (Eldridge, Hultgren, and Wigmore, 1955) . At this time, high amplitude R waves are recorded in right and especially mid-prwcordial leads and deep S waves in leads from the left chest. In addition, some infants have Q waves in lead V4R as well as other right chest leads, generally considered evidence of an abnormal degree of right ventricular preponderance. Pulmonary flow increases, enhanced still further by left-to-right shunting through the ductus for as long as one week or even more. Increased venous return and decreased pressure in the inferior vena cava help to effect closure of the foramen ovale (Dawes, Mott, and Widdicombe, 1955 ).
Significant right-to-left shunting across this opening apparently does not occur. Since pulmonary vascular resistance is still relatively elevated, partly as a result of the characteristics of the neonatal pulmonary vascular bed, flow from the ductus appears to be sufficient to maintain pulmonary hypertension for several days. During this period, right and mid-prxcordial deflections are decreasing, and Q and R waves over the left chest are becoming larger. However, in some instances, pulmonary arterial pressure may remain high for a considerably longer period (Rowe and James, 1957) . This is perhaps partly reflected by the small percentage of infants with persistent Q waves in lead V4R and other right chest leads.
The rapid decreases in amplitude after the first hour of life, especially in leads reflecting right ventricular potential, suggest the need for serial examination, as shortly after birth as possible, of newborns who show evidence of cardiac or respiratory distress. Failure of these deflections to decrease may prove of future diagnostic value.
SUMMARY
Sixteen-lead electrocardiograms were taken on 97 healthy full-term infants on the first, second, third, and fifth or sixth day of life. Significantly higher amplitude R and S deflections were present in infants less than 1 hour of age, primarily in leads reflecting right ventricular potential. With age, the amplitude of deflections in right and mid-prccordial leads decreased, while the incidence of Q waves and amplitude of R waves in left chest leads increased. Q waves in V4R appear to be an uncommon but normal variant at this age. A positive correlation between the Q-R time and amplitude of the R wave in VI and V6 was found. Prgecordial patterns and R/S ratios were discussed. Although there are theoretical limitations in relating electrocardiographic measurements to hemodynamic findings, there appears to be a relation between these changes and available data on circulatory adaptation after birth.
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